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The thesis entitled “Total synthesis of natural products and Its derivatives; Stereo Selective total synthesis and assignment of absolute configuration of bioactive molecules Botryolide-E, (R)-Rugulactone and Total synthesis of Sporiolide-A” has been divided into three chapters.
CHAPTER-I
Stereoselective first total synthesis, confirmation of the absolute con figuration and bioevaluation of Botryolide –E. 
Many natural products containing γ-lactone motif are known for significant biological properties. Botryolide-E (1 ), a γ-lactone has been isolated from cultures of the fungicolous Botryotrichum sp. (NRRL 38180) by James B. Gloer et al., in 2008. The structure and relative configuration was established through a NMR and ESIMS data But absolute configuration not determined. Due to a limitation of isolated compound 1 (1mg), the authors were unable to evaluate its antibacterial activity. Other isolated compounds such as botryolides A, B, D did not show any activity. Due to interesting structure of Botryolide-E 1,  we planned to synthesize Botryolide-E 1, determine the absolute configuration and evaluate the antibacterial activity against Bacillus subtilis (MTCC 441), Staphylococcus aureus (MTCC 96), Staphylococcus epidermidis (MTCC 437), Pseudomonas aeruginosa (MTCC 741), Klebsiella pneumonia (MTCC 39) and Escherichia coli (MTCC 443) and antifungal activity against Rhizopus oryzae (MTCC 262), Aspergillus niger (MTCC 1344), Candida albican (MTCC 227), and Saccharomyces cerevisiae (MTCC 171). 

Retrosynthetically (Scheme 1), we envisaged that our target molecule botryolide-E (1) can be obtained from olefinic intermediate 19 by one pot acitonide deprotection and lactonization.  Intermediate 19 in turn prepared from propylene oxide 2 via Jacobsen`s hydrolytic kinetic resolution (HKR), selective epoxide opening, Sharpless asymmetric dihydroxylation as key steps.




                                                          Scheme 1
As outlined in Scheme 1, the propylene oxide 2 was subjected to Jacobsen`s HKR using (R,R)-salen-Co-(OAc) catalyst to afford R-propylene oxide 3 as a single isomer D25 = +11.7 (c 1, CHCl3), [lit for (S)-propylene oxide D25 = -11.6  (neat)] (Scheme 2). The R-propylene oxide 3 was easily isolated from the more polar diol 3a by distillation (Scheme 2). 









                                                      Scheme 2
The enetiomeric pure propylene oxide 3 was subjected to regioselective ring opening with THP protected propargyl alcohol using n-BuLi, BF3OEt to furnish alcohol 4. The secondary hydroxyl group in 4 was protected with tert-butyldiphenylsilyl chloride and imidazole in the presence of a catalytic amount of DMAP to afford the silyl ether 5, The silyl compound 5 on depyranylnation using PPTS in methanol afforded compound 6. The free progargylic alcohol 6 was reduced with Red-Al (3 equiv) to afford allylic alcohol 7. The hydroxyl group in 7 was protected with tert-butyldimethylsilyl chloride to afford disilyl ether 8. The compound 8 was subjected to Sharpless asymmetric dihydroxylation to give the diol 9. The diol 9 was protected with 2,2-dimethoxypropane in the presence of a catalytic amount of p-TSA to give compound 10. Deprotection of tert-butyldimethyldsilyl group in compound 10 using TBAF afforded alcohol 11. The primary alcohol in 11 was oxidized to the aldehyde using IBX and subsequently treated with (ethoxycarbonylmethylene) triphenylphosphorane in dry methanol at 00C for 24 h to give the Wittig product in the Z:E ratio 85:15. The pure Z isomer 12 was separated by normal column chromotograpy. Here, we failed to deprotect the TPS group using various reagents such as  tertiarybutylammoniumfluoride (TBAF), HF/pyridine, and triethylammonium fluoride (TEAF).  Here mixture of products is notified (Scheme 3).

Scheme 3
To overcome this problem we synthesized compound 39 following Schemes
The tertiarybutyldiphenyl silyl ether in compound 7 was deprotected to form diol 13. The primary alcohol in diol 13 was selectively protected using tert-butyldimethylsilily chloride to afford monosilyl ether 14. Compound 15 on diastereo and enantioselective Sharpless asymmetric dihydroxylation afforded single diastereomer 16. The diol 16 was protected with 2, 2-dimethoxypropane in the presence of a catalytic amount of p-TSA to give compound 17. The tert-butyldimethylsilyl group in 17 was removed using tetrabutylammonium fluoride (TBAF) to afford alcohol 18. The alcoholic compound 18 was oxidized using IBX (2-Iodoxybenzoic acid) and subsequently reacted with (ethoxycarbonylmethylene) triphenylphosphorane in dry methanol at 00C for 24 h to give the Wittig product in 82% yield with a Z:E ratio of 85:15. The pure Z isomer 19 was separated by column chromotograpy. In separate experiments when compound 19 reacted with p-TSA/MeOH and HCl/MeOH afforded mixture of compounds with small amount of required product  however when compound 19 reacted with 80% aq AcOH for 24 h, afford single product Botryolide-E 1 quantitative yield in one pot acetinide deprotection and lactonization (Scheme 4).  

                                     Scheme 4
The in-vitro antibacterial activity against bacteria Bacillus subtilis (MTCC 441), Staphylococcus aureus (MTCC 96), Staphylococcus epidermidis (MTCC 437), Pseudomonas aeruginosa (MTCC 741), Klebsiella pneumonia (MTCC 39) and Escherichia coli (MTCC 443) of botroylide-E against was evaluated. The activities of the compound 1 are described in table 1. Agar cup bioassay method was employed for testing antifungal activity of compound and zone of inhibitions (ZOIs) are summarized in Table 2. The activities of the compound 1 are described in table 2. antifungal activity against Rhizopus oryzae (MTCC 262), Aspergillus niger (MTCC 1344), Candida albican (MTCC 227), and Saccharomyces cerevisiae (MTCC 171). 
Table 1. Antibacterial  activity of compound 1.

Microorganism	                                                                  Minimum Inhibitory Concentration (MIC)                                                    (µg/ml)
	Compound 1	Penicillin-G	Streptomycin	Nitrofurantoin
Gram positive bacteria	256.255012.55050	1.5621.5621.562	1.5621.5621.562	10050502510050
B. Subtilis  (MTCC 441)				
S. aureus  (MTCC 96)				
S. epidermides (MTCC 437)				
Gram negative bacteria				
E. coli (MTCC 443)				
P. aeruginosa (MTCC 741)				
K. pneumonia (MTCC 39)				
 Minimum Inhibitory Concentrations (MICs) are in µg/ml. Negative control DMSO-No activity
Note: Positive controls:  Penicillin for gram positive bacteria.
Streptomycin for gram negative bactiria.
Nitrofurantoin for both microorganisms.

Table 2. Antifungal activity of compound 1.
Microorganism                                                                   Fungi	             Zone of inhibition (mm)
	Compound 1       100g/ml	Claotrimazole                   30 g/ml
R. oryzae (MTCC 262)	           14           10           12            8	            21            18            22            23
A. Niger (MTCC 1344)		
C. albicans (MTCC 227)		
S. cerevisiae (MTCC 171)		
Zone of inhibition diameter are in mm. Negative control DMSO-No activity      
Note: Positive control: Claotrimazole for all fungi.
                                                       

                                                    CHAPTER-II
SECTION-A: Stereoselective First Total Synthesis of (R)-Rugulactone. 

The 6-arylalkyl-5,6-dihydro-2H-pyran-2-ones are important structural features of genus of Cryptocarya of Lauraceae family with lack of substituent at C-4. Due to Michael acceptor nature of the α, β- unsaturated α-pyrones for amino acid residues of receptors, these α-pyrone molecules possess interesting biological activities like antitumor, anti-inflammatory, antibacterial, antiviral, antifungal activities. The arylalkyl substituted α, β-unsaturated -lactones are ubiquitous metabolites of ever green trees of Cryptocarya genus which are well known for their lagendable medicinal properties. Recently, a 6-arylalkyl-5, 6-dihydro-2H-pyran-2-one, (R)-rugulactone 1 was isolated from DCM extract of Cryptocarya rugulosa by John H. Cardellina and co-workers.  The structure was established through a NMR and HRMS studies and configuration of chiral centre determined by a CD spectrum as R.  but complete absolute configuration with sign of notation (Specific Rotation) not determined. Biological assays of (R)-rugulactone was found to inhibit nuclear factor-B (NF-B) activation pathway active in many types of cancers, exhibiting up to 5-fold induction of IB at 25µm/mL. In continuation of our interest for synthesis biologically active natural products, and due to interesting structure of  Rugulactone 1,  we planned to synthesize compound 1 and evaluate the its absolute configuration. To the best of our knowledge, the synthesis of 1 has not been reported in the literature and herein we report efficient stereoselective first total synthesis of  (R)-rugulactone 1. 


Our synthetic approach to of (R)-Rugulactone 1 is outlined in Scheme-1, which involves Grub’s cross metathesis reaction between compounds 8 and 11. The key fragment 8 was prepared in via Still-Gennari modification of the Horner–Emmons reaction from 4, which could readily prepared via Keck’s asymmetric allylation route from easily available 1,3-propanediol 2. The vinyl ketone 11 in turn was prepared from 3-phenyl-1-propanal 9. 

Scheme-1
As out lined in Scheme-1, the 1,3-propanediol 2, was selectively protected with benzyl bromide to mono benzyl ether 3. The primary alcohol in 3 was oxidized using iodoxybenzoic acid (IBX) in DMSO to afford the corresponding aldehyde, which was subjected to the catalytic asymmetric allyl stannation developed by Keck et al to furnish the homoallylic alcohol 4 in 80% yield with excellent enantioselectivity of 97.5%ee (Fig. 1.01) (determined by chiral HPLC Column: Eurocel 01(250 x 4.6 mm Particle size 5); mobile phase hexane : isopropyl alcohol (90:10); Flow rate: 1 ml/min; Detection: PDA). The absolute stereochemistry of the newly generated center in compound 4 bearing the hydroxyl group was determined by preparing MPTA esters by modified Mosher’s method, and found to be in R-configuration (Fig. 1).



Figure 1: Determination of absolute configuration and Δδ values for the S and R- MTPA ester derivatives of 21 (Δδ =δS-δR).

The secondary hydroxyl group in 4 was protected as its TPS ether using TBDPSCl and imidizole in dry DCM to yield 5. Now the benzyl group in compound 5 was removed using lithium naphthanlenide (LN)  to yield primary alcohol 6 in 81%. The primary alcohol in compound 6 was oxidized using IBX in DMSO to yield aldehyde which, was subjected to Still-Gennari modification of the Horner–Emmons olefination reaction to afford unsaturated ester 7 with a Z/E in ratio of 95:05 in 80% yield. Compound 7  on treatment with 3% HCl in MeOH afforded 6-allyl-5, 6-dihydro-α pyrone 8 in 78% yield (Scheme 2).

                                                              Scheme 2
The fragment 5-phenyl-pent-1-en-3-ol (29) was prepared from phenyl-1-propanal 27.  Compound 27 was reacted with vinyl magnesium bromide to yield allyl alcohol 28,. which on oxidation with IBX in DMSO afforded vinyl ketone 29 in good yield.  

                                                               Scheme 3
Finally compounds 26 and 29 in 1:3 ratio subjected to cross metathesis using second generation Grubb’s catalyst (5mol%)  in dichloromethane under reflux conditions to yield desired (R)-rugulactone 18 in 74% yield. The 1H and 13C NMR spectra( Fig. 1.01) of synthetic compound 18 are in good agreement with those of the natural (R)-rugulactone and thereby we are able to report the absolute configuration as optical rotation of 1 as D25–61.9(C= 0.5, CHCl3) by its first time synthesis (Scheme 3).

SECTION-B: Stereoselective Synthesis and Biological evaluation of (R)-Rugulactone , (6R)-((4R)-Hydroxy-6-phenyl-hex-2-enyl)-5,6-dihydro-pyran-2-one and its 4S epim er.
The development of drug resistance to clinically used agents has increased the demand for discovery of new chemical scaffolds with antimicrobial activity. In addition increase in immune compromised patients and hospital acquired infections has necessitated the exploration of new biological targets and discovery of effective antibacterial and antifungal agents. The natural products 5,6-dihydro-α-pyrone derivatives having substituted alkyl side chain at the C-6 position have been attracted much attention over the last decade due to their medicinal potential due to Michael acceptor nature of the α, β-unsaturated α-pyrones for amino acid residues of receptors. They inhibit HIV protease, induce apoptosis, and have even proven to be atileukemic , anticancer agents. Compound like 6-(4-hydroxy-6-phenyl-hex-2-enyl)-5,6-dihydro-pyran-2-one, (R)-rugulactone 1 was isolated from Cryptocarya rugulosa by Cardellinah and co-workers . This pyrone was found to inhibit nuclear factor-B (NF-B) activation pathway active in many types of cancers, exhibiting up to 5-fold induction of IB at 25µm/mL . Inspired by its interesting biological activity, previously we reported the synthesis of natural compound 13 and determined the absolute configuration. 
                           We wish to synthesize 1, 12and 13 by employing proline-catalyzed α-aminooxylation, Sharpless epoxidation, Mitsunobu reaction as chirality introuducing steps and evaluate antibacterial activity against Bacillus subtilis (MTCC 441), Staphylococcus aureus (MTCC 96), Staphylococcus epidermidis (MTCC 437) , Pseudomonas aeruginosa (MTCC 741), Klebsiella pneumonia (MTCC 39) and Escherichia coli (MTCC 443) and antifungal activity against Rhizopus oryzae (MTCC 262), Aspergillus niger (MTCC 1344), Candida albican (MTCC 227), and Saccharomyces cerevisiae (MTCC 171). Here we are reporting the synthesis and biological evaluation of natural product 1, as well as unnatural derivatives (6R)-(4R-Hydroxy-6-phenyl-hex-2-enyl)-5,6-dihydro-pyran-2-one 12 and (6R)-(4S-Hydroxy-6-phenyl-hex-2-enyl)-5,6-dihydro-pyran-2-one 13  of same sereis.

The synthesis of 1, 12 and 13 was initiated starting from 4-benzyloxybutanal 14 and 3-phenylpropanal 18 respectively. The 4-benzyloxybutanal 14 was reacted with nitrosobenzene in the presence of D-proline in CH3CN at -200C followed by treatment with NaBH4 in MeOH gave the crude aminooxy alcohol. Subsequent reduction of the crude aminoxy product with 30 mol % CuSO4 yielded (R)-diol 15 in 85%.  The primary hydroxyl group in 15 was protected with tosyl chloride using triethyl amine and catalytic amount of Bu2SnO to give tosylated compound 16 in 81% yield. The monotosylated compound 18 upon reaction with 2 equiv K2CO3 in MeOH gave epoxide 17. Selective opening of epoxide 17 with CuI and vinyl magnesium bromide in THF furnished homoallylic alcohol 4. The secondary hydroxyl group in 4 was protected as its TPS ether using TBDPSCl and imidizole in dry DCM to yield 5. Now the benzyl group in compound 5 was removed using lithium naphthanlenide (LN)  to yield primary alcohol 6 in 81%. The primary alcohol in compound 6 was oxidized using IBX in DMSO to yield aldehyde which, was subjected to Still-Gennari modification of the Horner–Emmons olefination reaction to afford unsaturated ester 7 with a Z/E in ratio of 95:05 in 80% yield. Compound 7 on treatment with 3% HCl in MeOH afforded 6-allyl-5, 6-dihydro-α pyrone 8 in 78% yield (scheme 4).

Scheme 4
Now, the 3-phenylpropanal 18 was subjected to C2-Wittig reaction using (ethoxycarbonylmethylene)-triphenylphosphoranecarbonyl to afford unsaturated ester 19 as mixture of geometrical isomers (E/Z  95:5), which were separated over silica gel column to give E isomer 19 in 81% yield. The ester 19 was reduced with DIBAL-H in DCM at 00C to allylic alcohol 20 in 85% yield. The allylic alcohol 20 was subjected to Sharpless epoxidation with (-)-DET, Ti (OiPr)4, and cumene hydroperoxide in dry CH2Cl2 for 5 h to afford  syn epoxide 21 in 78% yield. The epoxide 21 was opened using triphenylphosphine in CCl4 to give epoxy chloride 22. Compound epoxy chloride 22 on treatment with sodium metal in ether gave allylic alcohol   23 in 82%. The allylic alcohol 23 and lactone 8 were subjected to olefine cross metathesis using second generation Grubbs catalyst (15 mol %)  in dichloromethane under reflux to afford 12 in 68% {D25 = -44.6 (c 1, CHCl3)}. Further, the stereochemistry at C-4 in allylic alcohol 23 was inverted following Mitsunobu reaction  to afford 23a {D25 = + 6.3  (c 1, CHCl3)}, which was subjected to subjected to olefine cross metathesis (Scheme 3) with lactone 8 using second generation Grubbs catalyst (15 mol%) in refluxing dichloromethane to afford 13 in 66% yield {D25 = +4.1 (c 1, CHCl3)} (scheme5).

             
                                                           Scheme 5
Finally, compounds 12 and 13 were oxidized (Scheme 4) with MnO2 to afford (R)-rugulactone 1. Its physical {D25= -57.9 (c 1 CHCl3)} and spectroscopic data were 
   identical to those reported for natural product (R)-rugulactone 1 (scheme6). 

                                                                      Scheme 6
3. Biological Activity: The minimum inhibitory concentrations (MIC) of the compounds 1a-c were tested against a panel of bacteria by broth dilution method recommended by National Committee for Clinical Laboratory (NCCL) standards. The minimum inhibitory concentration (MIC) values are presented in Table 1. 

Table 1. Antibacterial activity of compounds 1, 12, 13.
Microorganism	                                                                  Minimum Inhibitory Concentration                                                    (µg/ml)
	1	12	13	Penicillin	Streptomycin	Nitrofurantoin
Gram positive bacteria						
B. Subtilis  (MTCC 441)	100	100	50	1.562		100
S. aureus  (MTCC 96)	50	50	100	1.562		50
S. epidermides (MTCC 437)	50	50	100	1.562		50
Gram negative bacteria						
E. coli (MTCC 443)	50	100	100		1.562	25
P. aeruginosa (MTCC 741)	12.5	25	50		1.562	100
K. pneumonia (MTCC 39)	25	100	100		1.562	50

Zone of inhibition diameter are in mm. Negative control DMSO-No activity
Note: penicillin for gram positive bacteria.
Streptomycin for gram negative bactiria.
 Nitrofurantoin for both microorganisms                             
Agar cup bioassay was employed for testing antifungal activity of compounds following the standard procedure. The activities of the compound 1, 12, 13 are described in table
Table 2. Antifungal activity compounds 1, 12, 13.
                  Microorganism                                      Fungi	                                                            Zone of inhibition (mm)
	            1	          12	          13	    Claotrimazole             30 g/ml
	30 g/ml	100 g/ml	30 g/ml	100 g/ml	30 g/ml	100 g/ml	
R. oryzae (MTCC 262)	11	12	12	14	    12	16	                  21
A. Niger (MTCC 1344)	14	16	11	14	    9	12	                   18
C. albicans (MTCC 227)	7	8	8	10	    9	8	                   22
S. cerevisiae (MTCC 171)	7	8	8	11	      8	10	                    23
Zone of inhibition diameter are in mm. Negative control DMSO-No activity      
Note : Claotrimazole for all fungi.


CHAPTER-III
                           Stereoselective total synthesis of cytotoxic sporiolide A.
Marine fungi are attractive sources for anticancer, antifungal, and antibacterial secondary metabolites with various exotic structural features. Sporiolide A 1, sporiolide B  2 and pandangolide 1 3  are 12- membered lactones isolated from the cultured fungal broth of Cladosporium sp. of an Okinawan brown alga Actinotrichia fragilis and the Red Sea sponge Niphates rowi respectively. Sporiolides A and B were found to exhibit cytotoxicity against L1210 cells with IC50 values of 0.13 and 0.81 μg/mL respectively. Further assays revealed that sporiolide A exhibits antifungal activity against Candida albicans (MIC 16.7 μg/mL), Cryptococcus neoformans (8.4 μg/mL), Aspergillus niger (16.7 μg/mL), and Neurosporacrassa (8.4 μg/mL) and showed antibacterial activity against Micrococcus luteus (16.7 μg/mL), while sporiolide B 2 had antibacterial activity against Micrococcusluteus (16.7 μg/mL). Its structure was determined on the basis of spectroscopic methods. To our knowledge, only one synthesis was reported on sporiolide A 1 starting from D-glucal by Yuguo Du et al. Yuguo Du et al also reported synthesis of sporiolide B. Our continued interest towards the total synthesis of biologically active natural products prompted us to undertake the synthesis of this demanding target from commercially available D-mannitol.

Our planned approach to sporiolide A 1 involved the stereo selective zinc-mediated allylation, aldol coupling and ring closing metathesis as key steps from D-mannitol 2 as a chiral starting material. The retro synthesis is depicted in Scheme 1.

The synthesis of sporiolide A (1) was achieved starting from the readily available D-mannitol diacetonide, which was oxidized following a known procedure, to give (R)-2,3-O-isopropylidene aldehyde 4. Compound 4 was subjected to the Zn-mediated allylation in aqueous medium following operationally simple Luche’s procedure to afford highly diastereoselective anti homoallylic alcohol 5 (syn: anti = 5:95%) which was protected as the benzyl ether 6. The acetonide protection group in 6 was removed on treatment with aqueous TFA to afford diol 7 which was selectively protected with TBSCl to afford monosilyl ether 8. The secondary hydroxyl in 8 was protected with p-methoxy benzyl bromide to offord p-methoxybenzyl ether 9. The ter-butyldimethylsilyl ether in compound 9 was removed using TBAF to afford primary alcohol 10. The primary alcohol in 10 was oxidized using IBX (2-iodoxybenzoic acid) in DMSO to afford the corresponding aldehyde, which was subjected to the aldol coupling with ester 18 (Scheme 3) using LiHMDS as base to furnish secondary alcohol compound 11 with high diastereoselectivity  (syn: anti = 20:80%) favoring anti-isomer. The pure anti-isomer was separated by column chromatography. The absolute stereochemistry of the newly generated center in compound 11 bearing the hydroxyl group was determined by modified Mosher’s method and found to be in R- configuration (Fig. 1).  



	


Figure 1: Determination of absolute configuration and Δδ values for the S and R- MTPA ester derivatives of 11 (Δδ =δS-δR).
The negative chemical shift difference to the left side of MTPA plane and positive chemical shift differences to the right side of MTPA plane determined that hydroxyl stereochemistry is in R configuration (Figure 1). 
The hydroxyl group in compound 11 was subjected to benzoylation with BzCl in pyridine to afford benzoyl ester 12.The deprotection of PMB group in 12 with DDQ afforded secondary alcohol 13 which was oxidized following the Dess-Martin periodinane oxidation to afford keto diene 14. We also tried the same conversion with known procedures using IBX oxidation and Swern oxidation, without success. The diene was then subjected to ring closing metathesis (RCM) using Grubbs 1st generation catalyst to afford macrolide 15. Finally the reduction of the double bond and debenzylation in 56 was achieved by hydrogenation over Pd/C to afford sporiolide A (1).
 The physical and spectral data of compound 22 were found to be identical with that of 





reported natural product {[α]D25 – 15.2  (c 0.1, MeOH), reported [α]D25 – 14 (c 0.1, MeOH )}.                                                                                                 
  In conclusion, an efficient stereoselective total synthesis of sporiolide A 1 has been achieved in 13 steps with a 7.00 % overall yield from D-mannitol.
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